Using date from e e annihilation into hadrons taken on the Y(1S) and continuum, we are able to compare event properties of three-gluon (ggg) and quark-antiquark (qq) decays. By tagging radiative decays of the Y(3S) to the yb states, we can make comparisons of the g'b event shapes with continuum 46 4822
INTRODUCTION
To date, there have been many studies of jet fragmentation [1] . One of the salient issues in studying jet fragmentation is understanding the ways in which hadron production from gluons compares with hadron production from quarks. Previous studies of gluon production in three-jet qqg events in e+e colliders at high energy invariably rely on Monte Carlo techniques to identify the gluon jet and thereby determine, e.g. , the shape parameters of that jet (usually the lowest-energy jet} and then extrapolate in energy in order to determine differences with a quark jet of equivalent energy.
We can avoid these difficulties at lower energy by examining the shape parameters of the yb triplet, the J =0 and J=2 states of which are predicted by Barbieri et al. [2] to decay into gg, with the J = 1 state predicted to de- cay into qqg. The gg decays therefore give us a source of gluon jets which affords a direct comparison withjets at the same energy.
At present, among the several experimental observations which indicate differences between gluon vs quark fragmentation are the following.
(1) An enhancement in baryon production on the Y(1S) [assumed to have an hadronic width nearly saturated by Y(1S)~ggg ] relative to the continuum [3] . (2) Suppression of open charm production on the Y(1S} [4] . This has a natural connection with the observed baryon enhancement on the Y(1S) if the baryon production rate in charm events is much smaller than the rate for uu, dd, and ss events [5] . This is also expected from the so-called "string model" where cc pairs can only arise in ggg events by quark popping (highly suppressed for higher-mass quark pairs). (3) Evidence from KEK and CERN e+e colliders TRISTAN and LEP that gluon jets are "fatter" than quark jets [6] . (4) higher charged track multiplicity thancontinuum events at 10 GeV. This latter effect is again not inconsistent with having three fragmenting partons and a logarithmic dependence of multiplicity on the center-of-mass energy [7] . However, color considerations alone [8] argue that the multiplicity for jets from gluons relative to quarks should be larger by a factor of -, ', reflecting the ratio of the color charge of the gluon to that of the quark. Higher-order calculations reduce this value of -', by -10% at %=34 GeV and -15% at %=10 GeV [9] .
By selecting three-jet events (assumed to be qqg events) which have equal opening angles between all three jets, the High Resolution Spectrometer (HRS) Collaboration [10] determined the ratio of gluon-jet multiplicity to quark-jet multiplicity to be 1.29+04&+0.20, much more consistent with unity than 2.
We Fig. 4 [21]We use JETSET version 7.3 program using LUND fragmentation and take the default parameters and default (parton shower followed by string fragmentation) event generation scheme. In this approach the parton shower initially occurs in the high-Q and therefore perturbative regime. As the Q decreases and the process moves into a nonperturbative regime, QCD confinement is modeled as a stretched color flux tube (i.e. , the "string") between two quarks. When the string is stretched past a certain point, the string breaks and hadrons form at the break point; this process continues until the potential energy of the flux tube falls below a cutoff value of 1 GeV.
[22] The error shown here is the error due to our uncertainty in the cascade branching ratios, which we ultimately apply to our overall systematic error.
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